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A REAL MUSHROOM NUMBER. 

Through the kindness of Albert F. Woods, the Patholo- 
gist and Physiologist of the U. S. Department of Agriculture, 
it is possible to use in this Number, cuts published in Bulletin 
No. 85, of the Bureau of Plant Industry on The Principles of 
Mushroom Growing and Mushroom Spawn Making, by B. M. 
Duggar, and to make extensive quotations from that interesting 
and important work. The Bulletin may be obtained from the U. 
S. Department of Agriculture and all interested especially in 
Mushroom growing, are urged to send for a copy. 

Dr. Duggar treats his subject under the following heads : 
Introduction, General Considerations, Market Conditions, Ger- 
mination Studies, Review of Earlier Work, Experimental 
Work, Tissue Cultures, Nutrition, Growth on Manure and 
Other Complex Media, Growth on Chemically Known Media, 
Tabulation of Special Results, Acid and Alkaline Media, Tem- 
perature and Moisture, Preparation of the Compost, Installa- 
tion of Beds, Spawning and Casing the Beds, Mushroom 
Growing, Experiments at Columbia, Mo., Variability in Mush- 
rooms Grown Under Different Conditions, The Cultivation of 
Various Species of Mushrooms, Co-operative Experiments, 
Cave Facilities in the United States, Open-air-culture, Mush- 
room Spawn Making, A "Chance'' Method, A "Selective" 
Method, Pure-culture Precautions, The Tissue-culture Method, 
The Commercial Process and The Vitality of Mushroom 
Spaw^n. Quotations as far as space allows follow : 
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Quotations from Duggar's Bulletin on the Principles of Mush- 
room Growing and Mushroom Spawn Making : 

The conditions under which mushrooms may be successfully grown 
are limited, and intelligent attention is therefore essential. It must be 
said, moreover, that the majority of failures may be directly traced to 
erroneous ideas as to the cultural requisites, or to a reckless disregard 
of conditions. The essential conditions will be subsequertly defined in de- 
tail, but it may be stated here that failures are usually due to one or 
more of the following causes: (1) Poor spawn; (2) very poor manure; 
(3) unfavorable temperature; and (4) heavy watering during the early 
stages of growth. 

Under suitable conditions mushrooms may be grown with assurance of 




Fig. 205. AcAR^cus vil* aticus. A promising species, fleshy and prolific. From 
Bulletin No. 86, B. M. Duggar, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture. 



success. Ordinarily they are grown only where the conditions may be 
controlled, and success should therefore be invariable. 

In many cases it has been possible to obtain growth from the spores 
by the use of the stimulating salts which have been mentioned in con- 
nection with the germination studies. Where it is desired to make ex- 
periments along this line the writer has found it more practicable to 
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use spores from a mushroom as young as possible. If one takes a 
mushroom just at the time that the Veil is breaking, inoculations may 
be readily made from the spores and few contaminations will result. 
In this case, by means of a sterile needle, or scalpel, a few spores may 
be removed from the spore-bearing, or gill, surface and these may be 
transferred to the tubes in the same way as were bits of the fresh 
tissue. It is also possible to secure a spore print from a mushroom 
the gill surface of which has not been exposed to germs of the at- 
mosphere. In the latter case it is desirable to remove stem and partial 
veil, peel off the incurved edges of the cap which have been in contact 
w^ith the soil, and place the cap, gill surface downward, in a sterilized 
dish or on sterile paper. If this is then kept free from dust, a spore 
print may be obtained, which should not be contaminated by foreign 
germs. This print may then be used in making a large number of spore 
cultures. 

Tissue Cultures. — The suggestion which had presented itself of 
using bits of living tissue from a sporophore instead of spores seemed 
also, from genral observations, to be of sufficient importance to war* 
rant a thorou£h trial. During moist weather, or in a moist cellar where 




Fig. 206. A fine cluster of Agaricus campestris, the Horticultural Variety Colum- 
bia. From Bulletin No. 85, B. M. Duggar, Bureau of Plant Industry, 
U. S. Department of Agriculture. 
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mushrooms are being grown, one will frequently find that an injury 
in a young mushroom is rapidly healed by a growth of hyphae from 
the edges of the injured area. The same thing had been noted in the 
open in the case of pufTballs. In many instances, moreover, pure cultures 
of furgi in other groups have been obtained by the use of small bits of 
a sclerotial mass of tissue. Accordingly, a young sporophore of Agaricus 
campestris was obtained, and after breaking it open longitudinally a num- 
ber of pieces of tissue from within were carefully removed with a sterile 
scalpel to a sterile Petri dish. A number of cultures were then made by 
this tissue-culture method on a variety of nutrient media, such as bean 
pods, manure, leaf mold, etc. From this and from numerous other similar 
tests it was ascertained that when the mushrooms, from which the nodules 
of tissue are taken, are young and healthy, there is seldom an instance 
in which growth does not result. It was easily shown that failure to 
grow was generally due to the advanced age of the mushroom used, to 
an unfavorable medium, or to bacterial contamination. 

The first successful pure cultures were made by this method during 
the early spring of 1902 from mushrooms grown indoors. During the 
following summer, or as other fleshy fungi appeared in the open, cultures 
were made from other forms in order to determine the general applicabilitv 
of the method. The experiments were successful in most cases, although 
it was found almost impossible to obtain certain species of furgi in a 
condition yourg enough to be free from bacterial infestation. In g-eneral, 
the method seemed to commend itself strongly as a mear.s of procuring 




Fig. 207. The Method of Making Pure . Cultures, Showing the Apparatus and 
Materials. From Bulletin No. 85, B. M. Duggar, Bureau of Plant In- 
dustry, U. S. Department of Agriculture. 



October, 1906] Mycological Bulletin Nos. 67 and 68 



269 




Fig. 208. A Younp Specimen of the Common PuflFball (Calvatia craniformis). 
From Bulletin No. 85, B. M. Duggar, Bureau of Plant Industry, U. S. 
Department of Agriculture. 

pure cultures of desirable edible species, particularly of those species 
the spores of which could not be obtained pure or which could not be 
readily germinated. , 

During the two subsequent seasons this method has been employed 
with a great variety of fungi representing many natural orders. No 
systematic endeavor has been made to determire the limitations of the 
tissue-culture method as applied to Basidiomycetes, but, incidental to the 
general studies, cultures have been made from forms diflFering very 
widely, not only in relationship but also in texture and in habitat. 

Temperature and Moisture. — The temperature factor is, next to that 
of good spawn, perhaps the most important in mushroom growing. It has 
been frequently stated that mushroom growing is not profitable when the 
temperature mav not be maintaired more or less continuously at from 50° 
to 60° F. It is very probable that the exact temperature which may be 
corsidered an optimum will vary somewhat in different sections of the 
country. It will be noted later in detail that the temperature factor acts 
not so directly upon the growth of the spawn or the production of 
mushrooms as indirectly to render some other conditions of the environ- 
ment injurious. It is best to consider that in practice the optimum tem- 
perature for mushroom growirg varies from 53° to 58° F. 

Variability in Mushrooms Grown under Different Conditions. — 
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The writer does not intend to discuss even in a general way the relation- 
ships of the variougf forms of Agaricus — that is, those that may be con- 
sidered allies of A. campestris — which he has cultivated or studied in the 
field. Some reference to the variability of common forms should, however, 
be made. For a comprehensive study of species and varieties, a knowledge 
ot European forms as well as of those found in America is essential. Au- 
thors differ so widely in their descriptions of species, as well as in theii 
conceptions of them, perhaps, that in the absence of unlimited material 
nothing short of confusion results from any attempt to harmonize opinions. 
It is sufficiently difficult to separate what many would regard as varieties 
of A. campestris from those of A. an/en sis. When specific rank is be- 
stowed also upon such forms as A. pratensis, A. villaticus, A. magniUcus, 
A. rodmani, etc., the difficulties are greatly increased. The writer has 
grown many forms of Agaricus, and, as might be expected, there seems 
to be ro form which will remain practically constant under variable con- 
ditions. 




Fig. 209. The Oyster Mushroom (Pleurotus.ostreatus), Growing on Decayed 
Willow Log. From Bulletin No. 85, B. M. Duggar, Bureau of Plant 
Industry, U. S. Department of Agriculture. 



[It might be added that stimulated by Dr. Duggar's work, several 
firms have undertaken to furnish spawn prepared under conditions that 
would seem to guarantee success — yielding desirable "varieties" of Mush- 
rooms. Tests by various amateurs and others show that the claims made 
by these firms can at least sometimes be verified. — Editor.] 
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Fig. 211. Agaricus fabaceus, the Almond-flavored Mushroom. 




Fig. 212. Morels (Morchella esculenta). One of the Finest Edible Fungi. 
Cats furnished by U. S. Dept. Agr. from Bulletin by B. M Dugg-ar. 
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